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Summary 

Background: New direct-acting antiviral agents for 
hepatitis C genotype 1 infection, boceprevir and tel- 
aprevir, offer enhanced sustained virologic response 
(SVR) among both treatment- naive and treatment- 
experienced patients. 

Aim: To determine the relative efficacy of the new 
direct-acting antiviral agents by applying a multiple 
treatment comparison meta-analysis. 
Design: We included published Phase II and III ran- 
domized controlled trials evaluating head-to-head 
comparisons betv^een boceprevir, telaprevir, peg- 
interferon alpha-2a w^ith ribavirin and peg- interferon 
alpha-2b with ribavirin in hepatitis C genotype 1 
patients. We applied Bayesian multiple treatment 
comparison meta-analysis. 

Results: We included data from four boceprevir, 
three telaprevir and six peg-interferon alpha-2a 
plus ribavirin vs. peg-interferon alpha-2b plus riba- 
virin randomized controlled trials. Both boceprevir 
and telaprevir offer statistically superior outcomes 



Introduction 

Treatment for hepatitis C virus (HCV) infection is rap- 
idly evolving, with several exciting new treatment 



for SVR, relapse and discontinuation due to adverse 
events than either peg- interferons among both 
treatment-naVve and treatment-experienced patients. 
Among treatment-naVve patients, clinical outcomes 
v^ere similar for boceprevir and telaprevir, for SVR 
[odds ratio (OR) 0.90, 95% credible interval (95% 
CrI) 0.41-1.91] and for relapse (OR 1.09, 95% CrI 
0.19-4.84). Similarly, among treatment-experienced 
patients, clinical outcomes v^ere similar for bocepre- 
vir and telaprevir and for SVR (OR 1.45, 95% CrI 
0.70-3.08) and for relapse (OR 0.35, 95% CrI 0.1 3- 
1.02). For treatment-naive patients receiving 
standard-duration therapy, telaprevir yielded lower 
rates of anemia and neutropenia, but higher rates 
of rash and pruritus. For treatment-experience pa- 
tients, all adverse event rates were higher with 
telaprevir. 

Discussion: Boceprevir and telaprevir exhibit similar 
effects among hepatitis C genotype 1 treatment- 
naive and treatment-experienced patients. 



developments, offering hope to both treatment- 
naive HCV patients and patients who had previously 
exhausted their treatment options. In particular, two 
direct-acting antiviral compounds, telaprevir (TVR) 
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and boceprevir (BOC) have recently been approved 
in Europe and North America for the treatment of 
HCV genotype 1 infection, the most common geno- 
type in these regions.^ 

TVR, a linear peptidomimetic HCV non-structural 
3 (NS3)/4A serine protease inhibitor, and BOC, a 
protease inhibitor that binds to the HCV NS3 
active site, are now recommended for use in com- 
bination with peg- interferon alpha (peg-INF alpha) 
plus ribavirin (RIB) for HCV genotype 1 patients. 
Several large randomized trials demonstrate that 
both TVR and BOC, in combination with standard 
treatment, offer very favorable outcomes in terms of 
sustained virologic response (SVR). These benefits 
appear for both treatment-naVve patients (those 
who have not received any drug therapy for their 
HCV infection)^"^ and treatment-experienced pa- 
tients (those who have previously been treated for 
HCV and did not achieve a SVR to the therapy)^"^ 
when compared to standard therapy alone. 

No direct head-to-head clinical trials have evalu- 
ated the superiority or non-inferiority of these new 
agents. A new statistical approach, termed 'multiple 
treatment comparison' (MTC) meta-analysis, allows 
an analysis of the comparative effectiveness of these 
agents compared with existing standard treatments 
to determine their relative effectiveness. This clinic- 
ally useful tool allows the reader to determine the 
effectiveness of all examined interventions com- 
pared with each other. We aimed to evaluate the 
relative effectiveness of standard treatment with 
peg-INF alpha-2a or alpha-2b plus RIB and the 
new direct-acting antivirals, TVR and BOC, in com- 
bination with these standard treatments among HCV 
genotype 1 patients. 



Methods 
Eligibility criteria 

We included published Phase II and III randomized 
controlled trials (RCTs) examining the efficacy and 
safety of peg-INF alpha-2a or peg-INF alpha-2b plus 
RIB, and TVR and BOC in combination with 
peg-INF alpha-2a or peg-INF alpha-2b plus RIB. 
We considered both standard-duration therapy and 
response-guided therapy regimens (refer to Table 1 
for the definition of each standard-duration and 
response-guided regimen eligible). 

Included RCTs must have had a common compar- 
ison so that a common comparator could be made. 
Only RCTs reporting outcomes predominantly for 
genotype 1 HCV infected adult patients were con- 
sidered. A priori we were aware that some RCTs 
may provide outcomes for genotype 1 and genotype 



4 patients combined. Where possible, we con- 
sidered only outcomes for genotype 1 patients, but 
where not possible, we included the outcomes for 
genotype 1 and genotype 4 patients combined. Both 
treatment-naVve and treatment-experienced popula- 
tions were considered. We excluded trials con- 
ducted among co-infected patients (e.g. HIV and 
hepatitis B). 

Search strategy 

In consultation with a medical librarian, two inves- 
tigators (K.T. and E.D.) conducted a comprehensive 
systematic search of the literature. The searches 
included the following terms: boceprevir, telaprevir, 
peginterferon, peg- interferon, pegylated interferon, 
ribavirin and hepatitis C. Each search was limited 
to RCTs in humans. Searches were not limited by 
language, sex or age. The searches were performed 
using the following databases [from inception to 
Week 4 of 2012 (23-29 January)]: MEDLINE (via 
PubMed), EMBASE, Cochrane CENTRAL, AMED, 
CINAHL, TOXNET, Development and Reproductive 
Toxicology, Hazardous Substances Databank, Psy- 
chlNFO and Web of Science (refer to Appendix 1 for 
an example of a full electronic search strategy uti- 
lized). The bibliographies of published systematic 
and narrative reviews and relevant included trials 
were also searched. 

Data abstraction and endpoints 

Two investigators (K.T. and E.D.) working independ- 
ently, in duplicate, abstracted data on the following 
efficacy outcomes: the proportion of patients 
achieving SVR (defined as an undetectable HCV 
RNA at the end of the 24-week post-therapy 
follow-up period), the proportion of patients relap- 
sing (defined as a reoccurrence of HCV RNA within 
the 24-week post-therapy follow-up period) and the 
proportion of patients discontinuing treatment due 
to an adverse event (defined as the discontinuation 
of all assigned study drugs during the set treatment 
period due to an adverse event). Data were also 
abstracted for the following commonly reported 
hematological adverse events: anemia (generally 
defined as hemoglobin <100g/l), neutropenia 
(generally defined as absolute neutrophil count 
<0.75 x 109/1) and thrombocytopenia (generally 
defined as a platelet count <150 000/ml). 
Additionally, data were abstracted for the following 
commonly reported dermatological adverse events: 
rash (any, as reported by site investigators) and prur- 
itus (any, as reported by site investigators). These 
data were only abstracted for the standard-duration 
therapy and response-guided therapy arms, as 
described earlier, among both treatment-naVve and 
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Table 1 Standard -duration therapy and response-guided therapy regimens 



Regimen 



Treatment 



Dose 



Course of treatment 



Standard-duration therapy 
Peg-IFN alpha-2a + RIB 

Peg-IFN alpha-2b + RIB 

TVR + Peg-IFN alpha-2a 
or -2b RIB 



BOC-h Peg-IFN alpha-2a 
or -2b -h RIB 



Response-guided therapy 
TVR-F Peg-IFN alpha-2a 
or -2b RIB 



BOC-h Peg-IFN alpha-2a 
or -2b -h RIB 



Peg-INF alpha-2a 
RIB 

Peg-INF alpha-2b 

RIB 

TVR 

Peg-INF alpha-2a 

or -2b 
RIB 
BOC 

Peg-INF alpha-2a 

or -2b 
RIB 

TVR 

Peg-INF alpha-2a 

or -2b 
RIB 



BOC 

Peg-INF alpha-2a 

or -2b 
RIB 



1 80 )ag/week 

600-1400 mg/day 

1 .5 |ig/kg/week 

600-1400 mg/day 

750 mg, three times a day 

Peg-INF alpha-2a 1 80 )ag/week; 

peg-INF alpha-2b 1 .5 |ig/kg/week 
600-1400 mg/day 
800 mg, three times a day 
Peg-INF alpha-2a 1 80 |ag/week; 

peg-INF alpha-2b 1 .5 |ig/kg/week 
600-1400 mg/day 

750 mg, three times a day 
Peg-INF alpha-2a 1 80 |ig/week; 

peg-INF alpha-2b 1 .5 |ig/kg/week 
600-1400 mg/day 



800 mg, three times a day 
Peg-INF alpha-2a 1 80 )ig/week; 

peg-INF alpha-2b 1 .5 |ig/kg/week 
600-1400 mg/day 



Peg-IFN alpha-2a-hRIB for 48 weeks 

Peg-IFN alpha-2b-hRIB for 48 weeks 

TVR combined with Peg-IFN alpha-2a or -2b -h RIB 
for 12 weeks, followed by Peg-IFN alpha-2a or - 
2b -I- RIB alone for 36 weeks 

Peg-IFN alpha-2a or -2b for 4 weeks, followed by 
Peg-IFN alpha-2a or -2b as well as BOC for 44 
weeks 



TVR combined with Peg-IFN alpha-2a or -2b for 12 
weeks, followed by Peg-IFN alpha-2a or -2b 
alone for 12 weeks if HCV RNA was undetect- 
able between Weeks 4 and 12 or for 36 weeks if 
hICV RNA was detectable at any time between 
Weeks 4 and 12 

Peg-IFN alpha-2a or -2b for 4 weeks, followed by 
Peg-IFN alpha-2a or -2b as well as BOC for up to 
36 weeks if HCV RNA was undetectable be- 
tween Weeks 8 and 24 or for 44 weeks if HCV 
RNA was detectable at any time between Weeks 
8 and 24 



treatment-experienced patients. Where necessary, 
we contacted the primary authors of the trial publi- 
cations for clarifications on trial data, including 
study setting, participant inclusion criteria, therapy 
durations, outcomes data, and in the case where 
only an abstract was available, to ensure we were 
utilizing the most current and accurate data. 

Statistical analysis 

Our analysis applied a MTC method. This approach 
permits the calculation of the relative difference be- 
tween treatments that have not been evaluated 
directly.^ ^ Although statistically complex, this ap- 
proach is now widely accepted by clinical guideline 
committees and health regulatory authorities.^^ We 
applied a Bayesian analysis, which permits more 
sensitivity analyses than a usual frequentist analysis 
and is more conservative. We present our findings 
as odds ratios (ORs) and 95% credible intervals 
(95% Cris), which are the Bayesian equivalent of 
confidence intervals. 

We assess the following outcomes: SVR, relapse, 
discontinuation due to adverse events, anemia, neu- 
tropenia, thrombocytopenia, rash and pruritis. All 
outcomes are binary, and so, we modeled (log) 
ORs for the considered treatment comparisons 
using Bayesian MTC meta-analysis.^^ The statistical 
technicalities of this approach are described 



elsewhere.^ ^ For all six comparisons between the 
four treatments, we calculated median ORs and 
95% CrIs from the Bayesian posterior distribution. 
To check agreement between pair-wise estimates 
and MTC estimates, we also conducted pair-wise 
random -effects meta-analysis for all pair-wise com- 
parisons. K.T. and E.D. conducted all statistical ana- 
lysis. All MTC analyses were conducted using 
WinBUGS (MRC Biostatistics Unit, Cambridge, 
UK). All pair-wise meta-analyses were conducted 
using StatDirect version 9.1 . 

Results 

Table 2 provides the characteristics of the included 
RCTs. Figure 1 displays a schematic of the trial se- 
lection process. Six trials assessed peg-INF alpha-2a 
plus RIB vs. peg-INF alpha-2b plus RIB,^^"^"^ three 
assessed TVR in combination with peg-INF alpha-2a 
plus RIB vs. peg-INF alpha-2a plus RIB alone^'^'^ 
and four assessed BOC in combination with 
peg-INF alpha-2b plus RIB vs. peg-INF alpha-2b 
plus RIB alone.^'^'^'"^ Of note, the TVR trials did 
not permit the use of erythropoietin therapy to 
treat anemia; however, at the discretion of the inves- 
tigator, patients in the BOC trials could be 
prescribed erythropoietin if hemoglobin levels 
dropped below lOg/dl. 
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366 publications idenlified and screened 
(excluding duplicates) 



334 excluded 



32 retneved for detailed evaluation 



19 excluded 
- 12 examined phase I trial data 
■ 3 did not examine a controJ treatment 
nor common comparator I real me nt 
' 3 did not examine a standard-duration 
therapy nor response-guided ttierapy of 
interest 

' 1 examined patients with genotypes 2 
and 3 



13 studies included 

- 6 assessed peginterferon alpha-2a plus 
ribavirin versus peg interferon alpha-2b 
plus ribavirin 

- 3 assessed telaprevir in combination 
with peginterferon alpha-2a plus ribavirin 
versus pogintorferon alpha-2a plus 
ribavirin 

- 4 assessed boceprevtr in combination 
with peginterferon alpha-2b plus ribavirin 
versus peginterferon alpha-2b plus 
ribavirin 



Figure 1. Study flow diagram. 

Nineteen trials extracted for detailed evaluation 
were excluded for the following reasons: 12 
were Phase I trials examining pharmacokinetics, tol- 
erability or safety (nine of which assessed TVR and 
three of which assessed BOC)/°~^^ three did not 
examine a standard-duration or response-guided 
therapy arm (each of which assessed TVR),^^"^'^ 
three did not examine a control treatment nor 
common comparator (each of which assessed 
TVR)^^~^^ and one did not examine the outcomes 
of interest specifically for genotype 1 or genotype 1/ 
4 (which assessed TVR).^^ Refer to Table A1 for a list 
of the excluded trials. 

For treatment-naTve patients, TVR and BOC were 
linked through the head-to-head comparisons of 
peg-INF alpha-2a plus RIB and peg-INF alpha-2b 
plus RIB for all efficacy measures (Figure 2A). For 
treatment-experienced patients, head-to-head com- 
parisons of peg-INF alpha-2a plus RIB and peg-INF 
alpha-2b plus RIB were not available, and thus, TVR 
and BOC were linked through the assumption that 
peg-INF alpha-2a plus RIB and peg-INF alpha-2b 
plus RIB were similar in terms of efficacy and 
safety (Figure 2B). 

Table 3 presents the ORs and 95% Cris for the 
efficacy measures, SVR, relapse to treatment and dis- 
continuation due to adverse events. For treatment- 
naive patients receiving standard-duration therapy. 



TVR and BOC were statistically comparable in terms 
of SVR and relapse, as indicated by the wide 95% 
CrIs (note that data on discontinuations due to ad- 
verse events were not available among naive 
patients provided standard-duration therapy). Simi- 
larly, for treatment-experienced patients on 
standard-duration therapy, TVR and BOC were stat- 
istically comparable, in terms of SVR, relapse and 
discontinuations due to adverse events, as indicated 
by the wide 95% CrIs. Furthermore, for treatment- 
naive patients receiving response-guided therapy, 
TVR and BOC were also statistically comparable, 
in terms of SVR, relapse and discontinuations due 
to adverse events, as indicated by the wide 95% CrIs 
(note that no trial reported on treatment-experienced 
patients receiving response-guided therapy). Finally, 
TVR and BOC both yielded higher SVR rates, lower 
relapse rates and higher discontinuation rates than 
the two peg-INF alpha plus RIB regimens. Table A2 
presents the corresponding pair-wise comparisons 
from the pair-wise random-effects meta-analyses. 

Table 4 presents the ORs and 95% CrIs for ad- 
verse events of anemia, neutropenia, rash and prur- 
itus. For treatment-naVve patients receiving standard- 
duration therapy, TVR yielded lower rates of anemia 
and neutropenia, but higher rates of rash and prur- 
itus. The 95% CrI for rash did not include 1, sug- 
gesting statistical evidence of higher incidence of 
rash episodes in patients treated with TVR compared 
with BOC. For treatment-experienced patients, all 
adverse event rates were higher with TVR. For 
treatment-naive patients receiving response-guided 
therapy, TVR and BOC yielded comparable rates 
of anemia and neutropenia, and TVR yielded 
higher rates of rash and pruritus. The 95% CrI for 
rash did not include 1, suggesting statistical evi- 
dence of higher incidence of rash episodes in 
patients treated with TVR compared with BOC. 
Table A3 presents the corresponding pair-wise com- 
parisons from the pair-wise random -effects 
meta-analyses. 

Although thrombocytopenia was not consistently 
reported in the trial publications of TVR or BOC, 
combined data from all trials were available in the 
US Food and Drug Administration (FDA) re- 
ports.^'^'^^ For TVR, 18 of 1823 (1 .0%) patients ran- 
domized to a treatment arm containing TVR were 
diagnosed with thrombocytopenia, whereas 1 of 
764 (0.1%) patients randomized to a matched pla- 
cebo arm was diagnosed with thrombocytopenia. 
For BOC, 49 of 1057 (4.6%) patients randomized 
to a treatment arm containing BOC were diagnosed 
with thrombocytopenia, whereas 7 of 443 (1 .6%) 
patients randomized to a matched placebo arm 
were diagnosed with thrombocytopenia. These pro- 
portions correspond to an OR of 3.36 (95% CrI 
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0.46-88.7). Note, however, that this OR represents 
the comparative risk of thrombocytopenia across 
both naive and experienced patients receiving 
either standard-dose duration therapy or response- 
guided therapy. 

Discussion 

Our study demonstrates that both new direct-acting 
agents offer favorable outcomes over standard ther- 
apy for the treatment of genotype 1 HCV infection. 
Clinically important outcomes, including SVR, 

A TllipnivIr Bouprnrir B Td»pr«irfr Booprwlr 




Pfl[lnli rf*rDn-2b 

Figure 2. Treatment networks employed in the analyses. 
(A) Treatment network for treatment-naVve patients receiv- 
ing standard-duration therapy or response-guided therapy 
and (B) treatment network for treatment-experienced pa- 
tients receiving standard-duration therapy. 



relapse and discontinuation of treatment due to ad- 
verse events appear to be similar between the two 
direct-acting agents and are clearly superior over the 
standard therapies examined for both standard- 
duration therapy and response-guided therapy regi- 
mens. Our findings should be of interest to clinicians 
and patients who are seeking either the most effect- 
ive options for first-line therapies or exploring op- 
tions among more experienced patients. 

The decision to use one specific HCV peg-INF 
alpha or direct-acting antiviral over another is 
based on multiple parameters, including SVR rate, 
relapse rate, discontinuation rate due to adverse 
events, side-effect profile, dosing regimen, pill 
count, resistance risk, likelihood of shortened ther- 
apy utilizing a treatment (RGT) approach to therapy, 
patient characteristics (e.g. physical, behavioral and 
genetic) and cost. Our analysis suggests that SVR, 
relapse rate and discontinuation rate due to adverse 
events can be removed from this decision algorithm 
in genotype 1 -infected populations as these key out- 
comes of HCV therapy, based on currently available 
data, are similar between TVR and BOC containing 
regimens and between the peg-INF alpha-based 
treatments. Overall, our analyses suggest that the 



Table 3 ORs and 95% Cris for the three efficacy measures 



Comparison in the treatment 



SVR, OR 
(95% CrI) 



Relapse, OR 
(95% CrI) 



Discontinuation 
due to adverse 
events, OR 
2(95% CrI) 



Treatment-naVve patients on standard-duration therapy^ 

TVR + peg-IFN alpha + RIB vs. BOC + peg-IFN alpha + RIB 1.11 (0.23-5.68) 1.09(0.19-4.83) - 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha-2a + RIB 2.94 (0.80-5.77) 0.19 (0.04-0.76) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha-2a + RIB 2.65 (0.89-7.06) 0.18 (0.09-0.31) 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha-2b + RIB 4.22 (1.09-6.87) 0.29 (0.04-1.18) - 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha-2b + RIB 3.77 (1.69-4.97) 0.27 (0.16-0.44) 

Peg-IFN aIpha-2a + RIB vs. peg-IFN aIpha-2b + RIB 1.42 (0.83-2.93) 0.67 (0.52-0.86) 

Treatment-experienced patients on standard-duration therapy"^ 

TVR + peg-IFN alpha + RIB vs. BOC + peg-IFN alpha+RIB 1.45 (0.70-3.08) 0.35 (0.13-1.02) 0.44 (0.11-1.63) 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 10.4 (6.10-18.4) 0.10 (0.05-0.18) 3.01 (1.47-7.19) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 7.17 (4.52-11.5) 0.27 (0.13-0.58) 6.80 (2.59-24.7) 

Treatment-naVve patients on response-guided therapy^ 

TVR + peg-IFN alpha + RIB vs. BOC + peg-IFN alpha+RIB 1.54 (0.95-2.07) 0.99 (0.47-2.12) 1.11 (0.53-2.32) 

TVR + peg-IFN alpha + RIB vs. peg-IFN aIpha-2a + RIB 3.80 (2.77-5.21) 0.24 (0.15-0.37) 1.43 (0.81-2.60) 

BOC + peg-IFN alpha + RIB vs. peg-IFN aIpha-2a + RIB 2.47 (1.76-3.46) 0.23 (0.13-0.43) 1.30 (0.86-1.99) 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha-2b + RIB 4.40 (3.01-6.28) 0.36 (0.21-0.60) 1.42 (0.85-2.43) 

BOC + peg-IFN alpha + RIB vs. peg-IFN aIpha-2b + RIB 2.85 (2.12-3.86) 0.36 (0.20-0.62) 1.28 (0.79-2.13) 

Peg-IFN alpha-2a + RIB vs. peg-IFN alpha-2b + RIB 1.42 (0.83-2.93) 1.50 (0.16-1.94) 0.99 (0.77-1.27) 



ORs> 1 indicate higher rates in the first treatment group. 

^Random effects MTC model including head-to-head comparison of the two peg- interferons. 
Fixed -effect MTC model assuming equal effects of the two peg-interferons. 
"^Fixed-effect MTC model including head-to-head comparison of the two peg-interferons. 
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Table 4 ORs and 95% Cris for the four adverse outcomes 



Comparison in the treatment 



Anemia, OR 
(95% CrI) 



Neutropenia, 
OR (95% CrI) 



Rash, OR 
(95% CrI) 



Pruritus, 

OR (95% CrI) 



Treatment- naive patients on standard-duration therapy^ 

TVR-Fpeg-IFN alpha RIB vs. BOC-hpeg-IFN alpha -h RIB 0.44 (0.23-1.03) 0.86 (0.38-1.98) 3.09 (1.45-6.65) 2.37 (0.80-7.07) 

TVR-hpeg-IFN alpha-nRIB vs. peg-IFN alpha-2a-h RIB 1.13 (0.56-2.31) 1.01 (0.48-2.15) 2.22 (1.15-4.23) 2.35 (1.18-4.89) 

BOC-Fpeg-IFN alpha -h RIB vs. peg-IFN alpha-2a-F RIB 2.41 (1.74-3.31) 1.16 (0.80-1.67) 0.72 (0.48-1.07) 1.00 (0.43-2.27) 

TVR-h peg-IFN alpha -h RIB vs. peg-IFN alpha-2b RIB 1.11 (0.53-2.33) 1.32 (0.62-2.85) 3.06 (1.57-5.99) 2.20 (0.79-6.29) 

BOC-F peg-IFN alpha -h RIB vs. peg-IFN alpha-2b RIB 2.35 (1.80-3.08) 1.53 (1.19-2.09) 0.99 (0.70-1.40) 0.93 (0.67-1.29) 

Peg-IFN alpha-2a-FRIB vs. peg-IFN alpha-2b -h RIB 0.98 (0.82-1.17) 1.32 (1.09-1.60) 1.37 (1.13-1.68) 0.93 (0.44-2.04) 

Treatment-experienced patients on standard-duration therapy^ 

TVR-h peg-IFN alpha -h RIB vs. BOC-h peg-IFN alpha RIB 1.65 (0.83-3.37) 1.72 (0.67-4.38) 1.13 (0.47-2.67) 2.52 (1.09-5.70) 

TVR-Fpeg-IFN alpha-hRIB vs. peg-IFN alpha-hRIB 2.42 (1.40-4.73) 1.41 (0.76-2.77) 2.57 (1.56-4.32) 2.88 (1.86-4.58) 

BOC-F peg-IFN alpha -h RIB vs. peg-IFN alpha -h RIB 1.46 (0.96-2.21) 0.81 (0.43-1.64) 2.28 (1.17-4.71) 1.15 (0.57-2.31) 

Treatment- naive patients on response-guided therapy** 

TVR-h peg-IFN alpha -h RIB vs. BOC-h peg-IFN alpha -h RIB 0.94 (0.60-1.52) 0.96 (0.57-1.61) 2.17 (1.32-3.52) 1.07 (0.44-2.68) 

TVR-Fpeg-IFN alpha-hRIB vs. peg-IFN alpha-2a-h RIB 2.27 (1.69-3.07) 1.20 (0.81-1.75) 1.79 (1.35-2.40) 1.07 (0.48-2.52) 

BOC-Fpeg-IFN alpha-hRIB vs. peg-IFN alpha-2a-h RIB 2.40 (1.69-3.42) 1.24 (0.87-1.75) 0.83 (0.57-1.23) 0.99 (0.71-1.40) 

TVR-Fpeg-IFN alpha-hRIB vs. peg-IFN alpha-2b -h RIB 2.22 (1.56-3.15) 0.91 (0.65-1.27) 2.47 (1.75-3.52) 1.19 (0.91-1.57) 

BOC-F peg-IFN alpha -h RIB vs. peg-IFN alpha-2b -h RIB 2.35 (1.73-3.19) 0.94 (0.63-1.40) 1.14 (0.82-1.60) 1.11 (0.46-2.55) 

Peg-IFN alpha-2a-hRIB vs. peg-IFN alpha-2b -h RIB 0.98 (0.82-1.17) 0.75 (0.62-0.92) 1.37 (1.12-1.68) 0.92 (0.42-2.06) 



ORs> 1 indicate higher rates in the first treatment group. 

^Fixed effects MTC model including head-to-head comparison of the two peg- interferons. 
"^Fixed effect MTC model assuming equal effects of the two peg- interferons. 



other key medication characteristics listed above 
should guide the selection of the two currently 
licensed protease inhibitors. With publication of 
additional data pertaining to TVR and BOC and 
the eventual approval of other direct-acting anti- 
virals, the factors that inform medication selection 
in clinical practice w\\\ require reconsideration and 
updating. 

There are several important strengths to consider 
in our analysis. First, our analysis permits inferences 
into differences in treatment effects that had not 
been evaluated directly. This approach is relatively 
new in the clinical literature and allows for a more 
powerful exploration of treatment differences than 
pair-wise meta-analysis permit, which would not 
have been appropriate for this analysis.^ ^ This 
method provides stronger inferences than adjusted 
in direct comparisons.^^ We recognize that both 
direct-acting agents were provided on top of stand- 
ard treatment. We examined whether the choice of 
peg-INF alpha affects the treatment outcomes of pa- 
tients and found that they did not matter in a clinic- 
ally important manner. 

There are also certain limitations to consider in 
our analysis. We included all published studies eval- 
uating the head-to-head comparisons of interven- 
tions in our network. In some circumstances, these 
were small. For example, the number of trials con- 
tributing to the analysis of experienced patients may 
provide less precise estimates than if we had a larger 
number of trials."^^ For experienced patients, we 



were unable to determine the outcomes of relapse 
or discontinuation due to non-reporting in the pri- 
mary studies. Furthermore, the boceprevir trials con- 
ducted among experienced patients did not recruit 
null responders, but the teleprevir trials did. In this 
regard, the treatment-experienced populations are 
dissimilar, and the results may slightly underestimate 
the efficacy of telaprevir and/or slightly overestimate 
the efficacy of boceprevir in the prior non-response 
subgroup of patients. We estimated the additive ef- 
fects of each direct-acting agent on top of the 
chosen peg-INF alpha used in each trial and did 
not demonstrate a statistically significant benefit of 
peg-INF alpha choice. There is some reason to be- 
lieve that the choice of peg-INF alpha will differ in 
terms of treatment outcomes depending on the 
population studied.^^ We performed a variety of re- 
gression analyses to determine whether patient 
status, in terms of gender and percent of trial popu- 
lation cirrhotic, impacted our findings and demon- 
strated they did not (data available upon request). 
Given the small number of included studies of each 
agent, subgroup analyses based on our regressions 
should be interpreted with caution.^"* Finally, while 
our results indicate that anemia is slightly increased 
with TVR and moderately increased with BOC, it 
should be recognized that erythropoietin, used for 
the management of anemia, was not permitted in the 
TVR trials. This difference in erythropoietin use 
could have affected the proportions of patients dis- 
continuing due to anemia. 
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The statistical approach that we employed is 
widely accepted by agencies such as the UK 
National Institutes of Clinical Excellence, the 
Canadian Drug Safety and Effectiveness Network 
and the US Agency for Healthcare Research and 
Quality. However, many clinicians may be un- 
familiar with this approach and few guides are avail- 
able to critically appraise such studies. The MTC 
meta-analysis relies on many of the same assump- 
tions as a standard pair-wise meta-analysis.^^ There 
is a necessary consideration that the trials of each 
agent are sufficiently similar to pool together in 
terms of populations, interventions and outcomes. 
A further necessary consideration is that these simi- 
larities exist across the different agents. Finally, there 
is a necessary consideration that indirect compari- 
sons and direct comparisons yield consistent out- 
comes, a finding that can be assessed statistically 
when both direct and indirect evidence are avail- 
able for the same interventions (in this case, in the 
peg-INF alpha plus RIB treatments). The largest ana- 
lysis that has examined the coherence between 
direct and indirect comparisons of trials, published 
in 201 1, found that there was inconsistency in only 
14% of evaluations.^^ 

In summary, both of the new direct-acting prote- 
ase inhibitors available to treat HCV infections yield 
superior treatment outcomes when added to the 
peg-INF and RIB combinations alone and thus pro- 
vide exciting new opportunities for hepatitis C con- 
trol. Given their similar efficacy, selection of 
regimen to treat individuals with hepatitis C infec- 
tion should include specific considerations such as 
tolerance and cost. 
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Appendix 1 

Search strategy used in PubMed 
(((((((((peginterferon) OR peg-interferon) OR pegylated 
interferon AND (Humans[Mesh] AND Randomized 



Controlled Trial [ptyp]))) AND (ribavirin AND 
(Humans[Mesh] AND Randomized Controlled 
Trial[ptyp])) AND (Humans[Mesh] AND Randomized 
Controlled Trial [ptyp]))) AND (hepatitis c AND 
(Humans[Mesh] AND Randomized Controlled 
Trial[ptyp])) AND (Humans[Mesh] AND Randomized 
Controlled Trial [ptyp]))) OR (((telaprevir AND 
(Humans[Mesh] AND Randomized Controlled 
Trial [ptyp]))) AND (hepatitis c AND (Humans[Mesh] 
AND Randomized Controlled Trial[ptyp])) AND 
(Humans[Mesh] AND Randomized Controlled 
Trial [ptyp]))) OR (((boceprevir AND (Humans[Mesh] 
AND Randomized Controlled Trial [ptyp]))) 
AND (hepatitis c AND (Humans[Mesh] AND 
Randomized Controlled Trial [ptyp])) AND 
(Humans[Mesh] AND Randomized Controlled 
Trial [ptyp])) 



Table Al Trials excluded after detailed evaluation 



Trial publications 



Reason for exclusion 



Foster et al., 2011^^ 
Garg et al., 2011^° 
Guedj and Perelson, 2011^^ 
Kumada et al., 2011^^ 
Marcellin et al., 2011^^ 
McHutchison et al., 2010^^ 
Muir et al., 2011^^ 
Sherman et al., 2011^^ 
Adiwijaya et al., 2009^^ 
Hezode et al., 2009^"^ 
Susser et al., 2009^^ 
Curry et al., 2008^^ 
Gelderblom et al., 2008^^ 
Lawitz et al., 2008^^ 
Forestier et al., 2007^^ 
Kieffer et al., 2007^^ 
Sarrazin et al., 2007^^^ 
Sarrazin et al., 2007^° 
Reesink et al., 2006^^ 



Examined patients with genotypes 2 and 3 
Examined Phase I trial data 
Examined Phase I trial data 

Did not examine a standard-duration therapy nor response-guided therapy regimen of interest 

Did not examine a control treatment nor common comparator treatment 

Did not examine a standard-duration therapy nor response-guided therapy regimen of interest 

Did not examine a control treatment nor common comparator treatment 

Did not examine a control treatment nor common comparator treatment 

Examined Phase I trial data 

Did not examine a standard-duration therapy nor response-guided therapy regimen of interest 

Examined Phase I trial data 

Examined Phase I trial data 

Examined Phase I trial data 

Examined Phase I trial data 

Examined Phase I trial data 

Examined Phase I trial data 

Examined Phase 1 trial data 

Examined Phase 1 trial data 

Examined Phase I trial data 
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Table A2 ORs and 95% CIs for the direct comparisons 



Comparison in the treatment 



SVR, OR 
(95% CI) 



Relapse, OR 
(95% CI) 



Discontinuation due 
to adverse events, 
OR (95% CI) 



Treatment-naive patients on standard-duration therapy 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha-2a + RIB 2.89 (1.82-4.60) 0.21 (0.08-0.57) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha-2b+RIB 3.68 (2.50-5.42) 0.21 (0.06-0.79) 

Peg-IFN alpha-2a + RIB vs. peg-IFN alpha-2b + RIB 1.46 (0.98-2.19) 1.50 (1.16-1.93) 

Treatment-experienced patients on standard-duration therapy 

TVR+peg-IFN alpha+RIB vs. peg-IFN alpha + RIB 9.00 (6.22-13.02) 0.10 (0.06-0.16) 

BOC + peg-IFN alpha+RIB vs. peg-IFN alpha + RIB 7.08 (4.46-11.26) 0.27 (0.13-0.57) 

Treatment-naive patients on response-guided therapy 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 3.78 (3.03-4.73) 0.24 (0.17-0.34) 

BOC + peg-IFN alpha+RIB vs. peg-IFN alpha + RIB 2.85 (2.30-3.52) 0.36 (0.25-0.53) 



1.42 (0.98-2.06) 
1.07 (0.74-1.54) 
0.93 (0.59-1 .46) 

2.91 (1.67-5.07) 
5.61 (1.94-16.17) 

1.42 (0.98-2.06) 
0.75 (0.56-1.01) 



ORs>1 indicate higher rates in the first treatment group. CI, confidence interval. 



Table A3 ORs and 95% CIs for the direct comparisons 



Comparison in the treatment 



Anemia, OR 
(95% CI) 



Neutropenia, OR 
(95% CI) 



Rash, OR 
(95% CI) 



Pruritus, OR 
(95% CI) 



Treatment-naive patients on standard-duration therapy 

TVR + peg-IFN alpha + RIB vs. peg-IFN aIpha-2a+RIB 1.13 (0.69-1.86) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha-2b + RIB 2.31 (1.79-3.07) 

Peg-IFN aIpha-2a + RIB vs. peg-IFN aIpha-2b + RIB 0.98 (0.82-1.17) 

Treatment-experienced patients on standard-duration therapy 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 2.37 (1.61-3.47) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 1.44 (0.27-7.74) 

Treatment-naVve patients on response-guided therapy 

TVR + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 2.46 (1.94-3.12) 

BOC + peg-IFN alpha + RIB vs. peg-IFN alpha + RIB 2.34 (1.89-2.90) 



1.00 (0.59-1.69) 
1.93 (0.76-4.91) 
1.32 (1.09-1.59) 

0.20 (0.13-0.31) 
0.82 (0.51-1.32) 

0.70 (0.53-0.93) 
1.24 (0.97-1.58) 



2.20 (1.39-3.47) 
0.99 (0.78-1.26) 
1.37 (1.19-1.58) 

2.54 (1.78-3.62) 
2.19 (1.09-4.41) 



2.32 (1.41-3.82) 
0.93 (0.74-1.18) 
0.93 (0.54-1 .60) 

2.88 (2.09-3.96) 
1.12 (0.69-1.84) 



1 .79 (1 .43-2.25) 1 .75 (1 .42-2.1 5) 
1 .1 4 (0.90-1 .45) 0.84 (0.66-1 .06) 



ORs>1 indicate higher rates in the first treatment group. CI, confidence interval. 



